Abstract: Left-behind children (LBC) are a newly emerged social group in China. Poor nutritional status is particularly prominent in this population. However, their food insecurity tends to attract very little attention. This study aims to investigate the relationship between food insecurity and undernutrition (stunting and anaemia) in 3 to 5-year-old LBC in rural China. Face-to-face interviews were administered to 553 LBC caregivers in 40 rural villages of Hunan Province, China. The Household Food Insecurity Access Scale (HFIAS) was used to assess household food insecurity (HFI). Dietary diversity score (DDS) and food group consumption frequency were measured by 24 h-recall and food frequency questionnaires (FFQ). Hemoglobin tests and anthropometric measurements including height and weight were measured by trained health professionals. Logistic regression was constructed to assess the association between household food insecurity and dietary diversity, stunting, and anaemia. A high prevalence of household food insecurity was determined (67.6%). The weighted prevalence of stunting and anaemia were 16.6% and 26.5%, respectively. Food insecurity was positively associate with LBC stunting (severe HFI: OR = 6.50, 95% CI: 2.81, 15.00; moderate HFI: OR = 3.47, 95% CI: 1.60, 7.54), and anaemia (severe HFI: OR = 1.91, 95% CI: 1.02, 3.57). LBC with food insecurity had significantly lower dietary diversity than those who were food-secure (p < 0.001). The prevalence of household food insecurity among LBC in poor rural China is high and is associated with low DDS, stunting, and anaemia. Nutritional intervention programs and policies are urgently needed to reduce household food insecurity and undernutrition for this vulnerable population.
Introduction
Child undernutrition is a major worldwide health concern, which often causes irreversible damage to the physical and mental health of children as well as adversely affecting health and productivity throughout adulthood. Due to lower socio-economic status and inadequate health facilities, rural areas of China may be facing a severe challenge of child stunting and anaemia, especially for left-behind children (LBC). The number of LBC in China has increased dramatically from 15.8 to 23.4 million between 2005 and 2013 because of the continually increasing population of migrant workers [1, 2] . It is estimated that there are more than 61 million LBC in China based on national population census data in 2014, accounting for 37.7% of all rural children [3] . Living separately from parents, LBC are entrusted to their elderly grandparents or maternal grandparents, distant relatives, and even neighbors who have poor education, vulnerable economic status, and inability to provide adequate care for the LBC. As a result, LBC are weaker than the non-left-behind children in learning achievement, nutrition status, accessibility of basic health service, and physical and mental development [4] [5] [6] [7] [8] . National survey data from 2009 showed that in poverty-stricken areas, the rate of stunting and underweight in children under five years of age was 12.1%, while the rate of stunting in LBC was 20%-30% higher than the others [9] . A study in 2011 showed that the prevalence of iron deficiency anemia in LBC under five years in Hunan province was 34.3% [10] , while the national survey in 2013 reported 11.6% among children under five years old in 30 provinces [11] .
Food insecurity has been identified as a key underlying cause of child malnutrition [12] and defined as "a household-level economic and social condition of limited or uncertain access to adequate food" [13] . The household food insecurity access scale (HFIAS) has been widely used to estimate the prevalence of household food insecurity (HFI), which is still a major public health problem worldwide [14] . HFI may lead to inadequate dietary intake, limited choice of food, and affect children's nutritional status by compromising their dietary intake quantity and diet quality. Some studies showed that dietary diversity is an important index to reflect diet quality and an independent factor positively associated with child nutritional status [15, 16] . However, mixed results were found in other empirical studies [17, 18] . Socioeconomic factors, access to health service, water sanitation, and parental care are also important factors related to child nutritional status. Therefore, further studies are needed to explore the potential pathway of food insecurity and child undernutrition in different cultural backgrounds.
The association between household food insecurity and undernutrition has been confirmed in a number of studies [19] [20] [21] , but the food insecurity in rural Chinese LBC has not been evaluated. There are presently only two published studies focused on household food insecurity in China. One involved primary school students in poor rural areas [22] and the other, the elderly in Beijing [23] , with the prevalence of household food insecurity being 6.1% and 54.2%, respectively. Given this gap in the evidence, the aim of this study is to assess household food insecurity among 3 to 5-year-old LBC in poor rural areas of China to explore the association between household food insecurity and LBC's dietary diversity, and LBC undernutrition (stunting and anemia). We hypothesize that HFI is high in rural LBC households and HFI is positively associated with low dietary diversity, stunting, and anaemia.
Method

Ethical Approval
This research was approved by the independent ethics committee of the Institute of Clinical Pharmacology, Central South University (ctxy-140003), and was registered in the China Clinical Trial Register (ChiCTR-TRC-14005117). Eligible subjects were identified with the assistance of a local village doctor. Caregivers were informed of the study and instructed to go to the village clinic at an appointed time. Written informed consent was obtained from all participants.
Participant Recruitment and Enrollment
The present study data were drawn from the baseline study of the project "Health allowance for improving nutritional status and development of the 3-5 y left-behind children in poor rural areas of China: a cluster randomized trial". The baseline study was carried out among a sample of 610 rural children aged 3 to 5 years, from two geographical areas of rural Hunan, China in 2015. The selection process of setting and participants was described in our previous article [24] . In this study, 57 children were excluded for not having complete data on food insecurity or anthropometric measurements or valid dietary intake assessments, and 553 participants remained in the current analysis.
Outcome Variables
The primary outcome variables were stunting and anaemia. The height of children was measured by the TB14-65-type height meter without shoes and hats. Height measurement data was calculated by WHO Anthro software to assess the height-for-age Z score (HAZ) [25] . Stunting is defined by height-for-age Z score (HAZ) <-2 SD of the WHO Child Growth Standards median. Hemoglobin tests were used to identify anaemia measured by trained health professionals. The diagnosis of anaemia in children 6-59 months of age is based on a hemoglobin of less than 11.0 mg/dL [26] .
Assessment of Household Food Insecurity
Household food insecurity (HFI) was assessed by the Household Food Insecurity Access Scale (HFIAS), which was developed by the United States Agency for International Development. HFIAS is a simple, easy-to-use, highly applicable tool to measure household food insecurity, which reflect the food security situation of children in the family [27] . The scale includes nine occurrence questions and nine frequency-of-occurrence questions, with scores ranging from 0 to 27 points. As Table 1 shows, household food insecurity can be categorized into four degrees: food security, mild food insecurity, moderate food insecurity, and severe food insecurity. HFIAS has shown acceptable validity and applicability in different cultural backgrounds [28] [29] [30] but has not been validated in Chinese studies [22, 23] . 
Assessment of Dietary Intake
Dietary diversity score (DDS) and consumption of food groups were assessed by 24 h-recall and food frequency questionnaires (FFQ) by trained investigators with a nutrition background. A 24 h-recall was used to collect information on all food the LBC consumed in the previous 24 h. Two questions "Did your child eat like usual?", "A lot more or a lot less than usual?" were asked when a 24-hour recall was completed. The data were excluded if the LBC ate a lot more or a lot less than usual. According to the Chinese Balanced Diet Pagoda, the foods consumed were then aggregated into nine food groups: grains, cereals, and other starchy staples; dark green leafy vegetables; other vegetables; fruits; meat and poultry; fish and shrimp; dairy products; eggs; legumes and nuts. One point was taken into count for any food group consumed above 15 grams and at least once per day, and the DDS range from 0-8 points. A higher DDS reflects a more diverse diet [31, 32] . In this study, a cutoff point of < 5 (median of DDS) was defined as low DDS of LBC.
The consumption frequency of each food group in the previous week was also assessed by a food frequency questionnaire (FFQ) with 18 food categories, which is based on an FFQ25 which has been previously validated [33] . There are ten frequency alternatives in total and the intervals range from "never" to "three times a day or more".
Socioeconomic and Demographic Characteristics
A face-to-face interview was used to collect the socioeconomic and demographic characteristics of the study population through, including region, ethnicity family size, the number of LBC in the family, general information of the LBC (age, sex and left-behind status), general information of main caregivers (age, sex, education level, career, relationship to the LBC), socioeconomic status (e.g., annual household income, type of house, water source).
Statistical Analysis
EpiData 3.0 software (The EpiData Association, Odense, Denmark) was used for data entering and sorting. Continuous and categorical variables in different groups were compared by ANOVA and chi-square test, respectively. A binary logistic regression was used to assess household food insecurity in relation to the LBC stunting in multivariate models, adjusted for region, economic level, the LBC's sex, ethnicity, left-behind status, number of LBC, caregiver's age, caregiver's education level, caregiver's relationship to LBC, and DDS. Data were analyzed by using IBM SPSS 18.0 software package (IBM Corp., Armonk, NY, USA). p-Values ≤ 0.05 at 95% confidence interval were considered statistically significant.
Results
General Characteristics and Household Food Insecurity
The characteristics of the LBC included in this study are presented in Table 2 . A total of 553 LBC were obtained complete data, including 307 boys (55.5%) and 246 girls (44.5%) aged 4.14 ± 0.90 years. Most of the LBC observed were of Han ethnicity (61.8%) and had both parents working outside the home (74.7%). We found that the prevalence of HFI was 67.6% among the observed LBC, while 15.4%, 33.4%, and 18.8% of them had mild, moderate, and severe household food insecurity, respectively. This study also found that 63.5% of the LBC did not fulfill the cut-off of low DDS (cut-off = 5). In moderate and severe HFI families, nearly 70% and 85% of the LBC obtained ≤ 4 DDS, respectively. Of the CLBC, 83.9% were the LBC's grandparents, 67.3% were female, 89.0% were farmers, and 30.2% never had any formal education. Most of the caregivers (73.2%) took care of two or more LBC. A chi-square test showed there were significant differences in household food insecurity of the LBC at regional, household SES, ethnicity, LBC's DDS, and CLBC's education levels (all p < 0.01). Figure 1 demonstrates the weekly consumption frequency of food groups and the DDS of the observed LBC. Among rural LBC, the most commonly consumed food groups were grain, cereals, and vegetables. LBC in food-secure households had a higher consumption frequency of animal source food than the food-insecure (meat and poultry (6.4 vs. 2.6), fish and shrimp (1.3 vs. 0.3), eggs (3.9 vs. 1.9), and dairy products (3 vs . 1.3) ). LBC in food-insecure households consumed limited types of foods and had a lower DDS score than the food-secure (6.61 vs. 5.2). (Table 3) . Notes: Logistic regression was applied in analysis; * p < 0.05, ** p < 0.01, *** p < 0.001; HFI: household food insecurity; COR: crude odds ratio; AOR: adjusted odds ratio, adjusted for LBC age, sex, region, caregiver's age and caregiver's relationship to LBC. Figure 2 shows the prevalence of stunting and anaemia of observed LBC with different HFI status. For the total study population, the weighted prevalence rates for stunting, wasting, and underweight were 12.8%, 1.3%, and 2.0%, respectively. Stunting and anaemia were more prevalent in LBC in severe or moderate food-insecure households (29.8% or 21.1% for stunting and 33.6% or 28.2% for anaemia) than those LBC who lived in food-secure households (5.6% for stunting and 22.6% for anaemia). Stunting and anaemia by different DDS levels, differences were analyzed using chi-squared tests. Table 4 shows the unadjusted and adjusted ORs for assessing the association between stunting, anaemia of LBC and their household food insecurity status. We adjusted for different variables in three logistic regression models (Model 1, adjusted for LBC's age and gender; Model 2, adjusted for covariate factors in Model 1 plus ethnicity, region, left-behind status, and the LBC's DDS; Model 3, adjusted for covariate factors in Model 2 plus caregivers' education level, household economic level, caregivers' age and caregivers' relationship to the LBC). Results from multivariable-adjusted logistic regression model suggest that LBC from severely food-insecure households were 6.49 times more likely to be suffering from stunting (OR = 6.49, 95% CI: 2.81, 15.00), and those from moderately food-insecure household were 3.47 times more likely to be stunted (OR = 3.47, 95% CI: 1.60, 7.54) compared those LBC who live in food-secure households. We also found that LBC with severe household food insecurity were 1.91 times more likely to suffer from anaemia than LBC in food-secure households (OR = 1.91, 95% CI: 1.02, 3.57). 
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Discussion
People living in poverty environments are more prone to limited food access, but food insecurity prevalence has disparities among regions. In the present study, the HFI in observed LBC (67.6%) was higher than many other populations. In 2018 [34] , 11.1 percent of U.S. households were food-insecure (14.3 million households). Households with food insecurity among children in 2018 (7.1 percent) was lower than in any year, but there were still more than 11 million children. A study in 2011 among 1583 elementary school students aged 6-14 years reported the prevalence of food insecurity among Chinese rural primary students was 6.1%, and 16.3% in participants with severe malnutrition [22] . UNICEF reported that the global prevalence of food insecurity for households with children under age 15 was 41%, and HFI was the lowest in East Asia/Pacific [35] . It was reported that the prevalence of household food insecurity within European countries was reported to be from 10% to 22% [36, 37] . Some studies in sub-Saharan African developing countries have shown that the prevalence of household food insecurity can reach over 80% [38] . Household food security may be an essential element of adequate dietary intake that leads to a good nutritional status. Our study shows that about 64% of LBC have low dietary diversity (DDS < 5), which is much lower than that of their peers [32, 39] . Stunting is more prevalent in LBC with lower DDS in HFI families, which means the LBC in HFI families were more likely to be consuming inadequate diets than those in food-secure households. Compared with other countries or regions, the food insecurity of left-behind children in poor areas of China should receive more attention and support, and it can be improved.
The high prevalence of HFI and low DDS in our observed population can be explained by their demographic characteristics. The most important determinants of HFI is socio-economic status [20] . Data from previous studies have routinely shown household income to be the most consistent and strongest predictor of the risk of food insecurity [40, 41] . We found the proportion of grandparents or maternal grandparents caring for LBC was up to 83.9%, and they were mostly economic dependents with limited financial resources. Households with lower economic levels were more vulnerable to HFI and may tend to reduce the purchase of high-priced but high-quality protein food, such as animal source foods. In this study population, the main caregivers' education level and household income were negatively associated with low DDS and HFI, which is consistent with several previous studies [14, 23] . The rural caregivers have poor nutritional knowledge and are less likely to make proper food choices because of the lack of education, which was reported in another article about this observed population [42] . Traditional dietary customs also should be considered as one determinant. In this study, minorities were more likely to have low dietary diversity than the Han population. We found most minorities kept their traditional custom of two meals a day and they did not eat eggs. Furthermore, this study was conducted in winter when the households were more likely to be food-insecure due to a large shortage of food availability in rural areas. Rural households usually buy food at the local town markets (4-5 times a month). Because of bad weather, the yields of home-grown production (such as vegetables and crops) might be reduced.
After adjusting for DDS and other confound factors, the results show that there is a significant association between HFI and LBC undernutrition (stunting and anaemia). We found that LBC in severe HFI households were more likely to being stunted or anaemia (OR = 6.49 or 1.91) than LBC in food-secure households. LBC in HFI households are likely to suffer malnutrition because of very limited intake of nourishing food. The decline in their dietary diversity is primarily due to lower consumption of meat and poultry, fish and shrimp, eggs and dairy products. We also find that the frequency consumption of animal source food in HFI children is lower than those who are food-secure, similar to other research results [43, 44] . Another study conducted in 2009 showed that the dietary structure of left-behind children was inadequate. Energy and a variety of nutrient intake were not enough [45] . The lack of accessibility to food caused by household food insecurity might be a possible cause of stunting in left-behind children.
Food insecurity does not exist in isolation, as low-income families are affected by multiple, overlapping issues such as the lack of affordable housing, social isolation, chronic or acute health problems, high medical costs, and low wages. These issues are important social determinants of health, defined as the "conditions in the environments in which people are born, live, learn, work, play, worship, and age that affect a wide range of health, functioning, and quality-of-life outcomes and risks." Our research population is left-behind children aged 3-5 years in rural areas of China. In this population, they should have the good care of their parents and enough nutritious food to promote growth. However, the fact is that they face food insecurity often or sometimes. Food insecurity is especially harmful to health during early childhood [14] and gives rise to risky behaviors and mental health issues during the transition to their adolescence and adulthood [46] . These LBC who experience household food insecurity may have a big impact on their life trajectory.
Public policy interventions have been shown to reduce food insecurity and reach large numbers in the population in high-income countries [47] . From 2011 to 2018, the US food insecurity rate fell from 14.9 to 11.1 percent. About 56 percent of food-insecure households in the survey reported that, in the previous month, they had participated in one or more of the three largest federal nutrition assistance programs (SNAP, the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC); and the National School Lunch Program) [34] . In recent years, the stunting and anaemia among rural LBC decreased because of the benefits from the increase in regional economic and policy support and universal basic public health services. The Chinese government has also implemented some LBC-related programs, such as the Integrated Nutrition Package for Rural Infants (<3 years old), the Nutrition Education for Infant Feeding Practice, and the Giving Priority to LBC in the Nutrition Improvement Program for School-Age Children (≥6 years old) [11] [12] [13] [14] . In contrast, research on community-level interventions, such as food banks and other food programmes, suggests limited impact [30, 48] . Although we have seen certain achievements in China in health promotion, the prevalence of undernutrition of LBC remains high in poor rural areas in China. In this study, the prevalence of stunting and anemia were 16.6% and 26.5%, which is higher than those of other children groups [49] [50] [51] . Nevertheless, here it deserves the attention of policymakers and researchers that there are currently no food security improvement projects for the LBC living in poor areas. Education and training for caregivers may decrease food insecurity by increasing their awareness of nutrition and proper food choices. Quality childcare institutions are also important for improving food security for young LBC, but those are very limited in rural areas. These challenges call for policymakers, health care providers, and various government departments to collaborate on developing innovative initiatives programs that improve food security for rural LBC.
Several limitations should be noted when interpreting our results. First, our investigation employed a cross-sectional design in two rural areas in southern China. As a result, we are unable to report causality in our results, and our findings may not be representative of the entire country. Second, we used self-reported data from the main caregivers of the LBC, which are subject to social-desirability and other forms of response bias; for example, respondents in this survey are mainly elders with low-levels of education and are ethnic minorities. Therefore, the respondents' understanding of the questionnaire items might have been impacted by the different education levels, comprehension ability, and cultural backgrounds. Finally, this study used the HFIAS tool to measure the food insecurity status; although studies conducted in some developing countries have shown the HFIAS is an effective assessment of household food insecurity [28, 30] , the scale has never been validated in China. From a Chinese cultural background, the reliability, validity, and sensitivity have not been verified, and more follow-up studies are needed.
Despite these limitations, this study makes an important contribution to our understanding of the associations between food insecurity and child health in rural areas in the developing world. Our study points to household food insecurity as being important for a child's health, net of socioeconomic and demographic conditions. While reducing household insecurity may require long-term strategies, improving access to nutrient-dense food in low education and socioeconomic status contexts may provide benefits to child health in the short term. Further, even smaller improvements in the household food environment, such as moving households from a mildly-insecure to a food-secure status, can benefit child health. To our knowledge, this is the first study to assess the prevalence of food insecurity in left-behind children in rural China. Further studies are needed to evaluate food insecurity and social determinants in this population.
Conclusions
In summary, there is a high prevalence of food insecurity among households with 3-5-year-old LBC in poor rural areas of China. Household food insecurity is associated with the LBC's low DDS, stunting, and anaemia. Further studies are needed to identify HFI in this vulnerable population to develop evidence-based public health intervention programs or policies. 
